The acidic nature of infusion solutions may contribute to local thrombophlebitis or systemic acidosis. The pH of four commercially available solutions ranged from 4·55 to 6·40 and titratable acidities (to pH 7· 4) ranged from 0 ·18 to 1·08 meq acid/litre. When equilibrated in vitro at PCO z of 40 mm Hg the pH ranged from 4 ·5 to 6· 0 and titratable acidity ranged from 20 to 26 mcq acid/litre. Two solutions prepared from commercial solutions and containing 28 meq /litre sodium bicarbonate had a pH of 7·5 ~d a titratable acidity of 4-5 meq base/litre when equilibrated at a PCO z of 40 mm Hg. Systemic acidosis due to some infusions may be prevented by the addition of sodium bicarbonate to the infusion solutions to produce a pH of 7·4 at PCO z of 40 mm Hg.
INTRODUCTION
Many of the commonly used intravenous so!utions have a pH below 7·4 (Bolton Carter, MIlne and Whittet 1952 , Clemetson and Moshfeghi 1969 , Elfving and Saikku 1966 , Fonkalsrud et al. 1968 , Lebowitz, Masuda and Be~kerman 1971 , Page, Raine and Jones 1952 , ReIlly et al. 1969 . Only one of these papers (Lebowitz et al. 1971) reported measurements of titratable acidity as well as pH; several solutions were studied and the pH ranged from 4·2 to 7·1. The solutions were titrated to a pH of 7·4 and the majority had a titratable acidity of less than 1 meq acid/litre, with a range of 0 ·063 to 9 . 480 meq acid/litre, depending on the method of preparation and sterilization of the solution.
Local thrombophlebitis after infusions may be due to the low pH of infusion solutions (Bolton Carter et al. 1952 , Elfving and Saikku 1966 , Fonkalsrud et al. 1968 , Page et al. 1952 . Fonkalsrud et al. (1968) added approximately 2 meq sodium bicarbonate per litre to dextrose solutions and this reduced the incidence of thrombophlebitis compared to dextrose infusion without added base.
One would predict that the systemic effects of these solutions 011 hydrogen ion balance would be slight in view of their low titratable acidities. However, ~cidosis has been produced in experi-me~tal amma~s following the infusion of 0·9% sodium chlonde and other solutions (Asano et al. 1966 , McDowell, Wolf and Steer 1955 Odaiva 1923 , Shires and Holman 1948 Sotos' Dodge and Talbot 1962 , Winters et ai. 1964 and has been termed dilution acidosis (Shires and H.olman 1948, Peters ~d Van Slyke 1931) . The bIcarbonate concentratIOn of the blood is said to be "diluted ", but the carbonic acid concentration remains constant due to continued production and retention of carbon dioxide. A simplified concept of this effect is that the infusion mixes with the internal fluids and is equilibrated with the carbon dioxide of the body. The ~ffect of ~his reactio~ ~s to decrease pH and mcrease tttratable aCIdIty of the infused solution. Therefore, to prevent systemic nonrespiratory acidosis sufficient base must be added to the solution to bring the pH to 7·4 at a PCO z of 40 mm Hg. The purpose of this study was to test this hypothesis by in-vitro measurements of pH and titratable acidity of infusion solutions with control of PCO z and temperature.
MATERIALS AND METHODS
Six intravenous solutions were studied. Four were commercially available solutions: 0·9% sodium chloride, 5% dextrose in water~ pH was measured electrometrically using a radiometer glass electrode type G202C, a reference calomel electrode type K401, and the acid-base analyser PHM71. PC0 2 was measured by a PC0 2 micro electrode in a radiometer BMS3. The pH span was calibrated with radiometer precision buffer solutions from 4 ·65 to 7·39. The span of the PC0 2 electrode was calibrated with Haldane-analysed gases containing concentrations of carbon dioxide of 2'75~ and 7·47~.
(1) The pH of each solution was measured and 25 ml aliquots were titrated to a pH of 7·4. A magnetic stirrel was used to agitate the solutions during the titrations.
The four commercially available solutions were titrated with 0 ·OOlN or 0 ·OlN sodium hydroxide. Solutions A and B were titrated wIth 0 ·IN hydrochloric acid. The sodium hydroxide and hydrochloric acid solutions were prepared from concentrated volumetric solutions. t The volumes used to titrate to a pH of 7·4 were converted to meq of titratable acid or base per litre.
(2) The solutions were equilibrated with three carbon dioxide-oxygen mixtures (7 ·9~~, * Supplied by Abbott Laboratories.
t British Drug Houses.
5·6~ and 4'4~ carbon dioxide) in an instrumentation laboratory tonometer water bath, model 137. The carbon dioxide inflow and outflow connections and the glass and calomel electrodes were arranged in the tonometer flask as shown in Figure 1 . A needle with a two-way tap was used to obtain samples of equilibrated solution for measurement of PC0 2 . The pI-I FIGURE I.-The glass and calomel electrodes are arranged to measure pH during tonometry. The two-way tap permits sampling of equilibrated fluid for measurement of peo 2 • and PC0 2 of the solution were recorded when equilibrium was reached, and the pH at a PC0 2 of 40 mm Hg was determined by interpolation from the log PC0 2 -pH line. Equilibrated solutions were also titrated to a pH of 7·4 while maintaining a continuous flow of carbon dioxide. The four commercial solutions were titrated with 0 ·IN sodium hydroxide. Solutions A and B were titrated with O' OIN sodium hydroxide or 0 'OIN hydrochloric acid. The amount of titratable acid or base per litre was calculated for each solution at equilibrium with carbon dioxide. The value at a PC0 2 of 40 mm Hg was determined by interpolation.
RESULTS
The results are summarized in Tabks 2 and 3. Table 2 shows measurements of pH and the titration of the solutions to a pH of 7·4 in the absence of c8rbon dioxide. The 8.ccuracy of measurement of pH was ±O ·05 pH units. Different batches of the commercial solutions had a range within ±O· 2 unit. The titration values are thl average of a minimum of three titrations for each solution. Table 3 shows the results of pH and the titration of the solution while equilibrated with carbon dioxide. The values recorded are the values determined for a PC0 2 of 40 mm Hg. The range of th", interpolation for pH was within ±0'1 unit, and for the titration within ±2 meq/litre. The low tit ratable acidity of the four commercial solutions, despite the presence of a low pH, implies that their effect on hydrogen ion balance would be insignificant. Lebowitz et al. (1971) emphasized the need to evaluate titratable acidity as well as pH if infusion solutions are to be utilized logically. Certain of the commercial solutions investigated by Lebowitz et al. (1971) did have a large titratable acidity, and these sc1utions, when infused, may affect hydrogen ion balance.
The present study was designed to extend their work to include measurements in the presence of carbon dioxide. The pH of all the solutions examined was lower when carbon dioxide was added. The titratable acidity of the four commercial solutions was increased approximately 25-to lOO-fold at a PC0 2 of 40 mm Hg. The addition of sodium bicarbonate to produce a bicarbonate concentration of 28 meq/litre as in solution A and solution B produced a small excess of base when these solutions were equilibrated with a PC0 2 of 40 mm Hg. These results are consistent with predictions from the Henderson-Hasselba1ch equation if the ratio of NaHC0 3 /H 2 C0 3 is normal at 20 : l.
Hartmann's solution in vivo prodUCES 29 meq/litre sodium bicarbonate, and the balance would then be similar to solution A and solution B. Normosol-R, which produces 50 meq/litre sodium bicarbonate in vivo, would produce an excess of base of approximately 25 meq/litre. In circumstances such as shock, liver disease and hypothermia, metabolism to produce sodium bicarbonate may be impaired, and these two solutions may then produce dilution acidosis. A solution containing sodium bicarbonate may be preferable. Such a solution (described in this paper as solution B) has been used for experimental liver transplantation (Gaudry et al. 1971) . In this situation liver metabolism may be absent or depressed, and iatrogenic dilution acidosis can be avoided by using this solution.
The several previous studies of dilution acidosis were in animals, and the clinical significance of dilution acidosis in man has not been evaluated. In terms of change in base excess, 1 litre of O· 9% sodium chloride distributed in 14 litres of extracellular fluid, would theoretically produce a deficit of approximately 2 mE/litre if no renal excretion occurred at the same time.
If a significant degree of acidosis is already present (e.g. diabetic acidosis, intestinal obstruction), the volume infused is large or rapid (e.g. burns), or renal excretion of acid is impaired, then dilution acidosis may become important.
Further investigation of these problems is required if infusion therapy is to be optimal. 
